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A GaAs BASED DIGITAL SERIAL COMMUNICATIONS SYSTEM

Ramon Z. del Rosario

Department of Electrical Engineering and Computer Science

Santa Clara University, 1986

ABSTRACT

This thesis concerns the design and simulation of a one gigabit per
second synchronous transmitter and receiver system. A very fast serial
transmission rate can be achieved by integrating the circuit on a gallium
arsenide (GaAs) semi-custom gate array. The 32-pin digital macro-cell gate
array used requires only three masks for customization, making the turn-around
time from design to fabrication relatively short. Digital logic components
are built using enhancement and depletion mode n-channel metal-semiconductor
field~effect transistors (MESFETs). The designs are implemented using state-
of-the-art computer simulation packages, and the circuit layouts are drawn
using a high-resolution graphics workstation. The simulation results indicate
that, under a one micron gate process technology and using a 2V voltage
supply, inverter propagation delays as small as 60 picoseconds can be
achieved. Designs for both the transmitter and the receiver have been

successfully simulated at the one gigahertz clock rate.
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1. Introduction

The primary goal of this research project is to design and build a high-
speed purely digital circuit on Gould Inc.”s macro-cell array (a GaAs semi-
custom gate array chip). In order to ensure that the first test circuit for
the macro-cell array will be successful, some restrictions have been placed on
the application to be selected. One of these restrictions is that the circult
must be reasonably simple and feasible within the time frame of a master”s
thesis. Since the emphasis of the experiment is on speed, a very fast,
digital serial data transmitter and receiver has been proposed. The
requirement of the system to communicate data serially reduces the number of
data lines to one and makes the system practical for a Local Area Network
(LAN) application.

A simple way to make a serial communicator is to use shift registers to
convert parallel data to serial data and vice-versa. The shift register size
is determined by the characteristics of the macro-cell array. The gate array
can accomodate as many as 500 logic gates, but to increase the yield, the
actual number of gates used in this experiment is limited to about half the
maximunm. Mounted in a 32-pin package, the macro-cell array also limits the
number of input and output lines the system can have. A system coanfiguration
that fits the requirements is a 16-bit shift register with sixteen parallel
lines and one serial line, In this system, the shift register 1s sequenced by
a 4-bit controller through 16 states. In order to test the gate array’s
capabilities near its llimit, the t;rget input clock rate 1s set at a fast one
billfon cycles per second (1 GHz).

It has been originally intended that both the transmitter and the

receiver circultry will be contained in one macro-cell array. With proper

designing, the same shift register can be both serial in parallel out (SIPO)
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and parallel in serial out (PISO). Similarly, one sequential controller can

4 i

be made to control either a SIPO or a PISO register, depending on a select
signal. For the time being, however, this approach is not used because the
) three-state devices required to allow sharing of the same I/0 line are not yet
0 feasible. Instead, the transmitter system and the receiver system are

fabricated on separate macro-cell arrays. Also, because it is not possible to

) make an analog clock recovery circuit, a second transmission line is required
to send the necessary reference clock signal.
‘5 Initial testing of the communications system design 1s accomplished
3 through computer simulations, The task is made simpler with the development
of an accurate GaAs MESFET model. The development is significant because the
model can be wused by ASPEC, a commercially available circuit simulation
package already familiar to many circult designers. Details of the
simulations are given In Chapter 4. The flow chart on Figure 1-1 illustrates

the design and testing process used.
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2. System Description and Operation

The configuration of the system chosen to be the first one integrated on
the macro-cell array is a one gigahertz, synchronous transmitter and receiver
with a 16-bit data size (see Figure 2~1). The transmitter will communicate
with the receiver via two lines - one for the serial data and the other for
the clock signal.

The transmitter system features a 16-bit parallel load shift register
controlled by a 4-bit 16 state sequential controller. A common reset clears
both the shift register and the controller asynchronously.

The sequential controller generates a LOAD signal once every 16 states,
causing the binary data on the sixteen parallel input lines to be loaded into
the shift regzister. At this point in the sequence, the first bit to be
transmitted, bit O, is present at the serial output pin. When the controller
is clocked to the next state, LOAD is deasserted and SHIFT is asserted. The
SHIFT signal remains until all sixteen bits have been transmitted, after which
it is deasserted and LOAD is once again asserted to load the next data word.

The receiver circuit, like the transmitter, is basically a shift register
and a controller. In this case, however, the 16-bit shift register 1is
confizured to convert serial data to parallel data. The register |is
continuously shifting and requires no control signals from the state machine.
Because the data on the outputs of the shift register change at every shift,
16 S-R latches are used to save the data temporarily.

The purpose of the sequential controller is to generate the LATCH signal
needed to store the 16 data bits into the array of 1latches. This signal,
asserted once every 16 states, 1indicates that all 16 bits of the serial data

have been received.
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The task of the synchronizing, or SYNC, circuit is to ensure that the
incoming data words are retrieved at the proper boundaries. The system reset,
which clears the shift register and the state machine flip-flops, also resets
the SYNC circuit and places it in the synchronizing mode. In this mode, the
SYNC circuit hunts for a string of 16 consecutive ones, preceded and followed
by at least one set of 16 zeroes, 1in the incoming serial data. After
obtaining the word boundary information from the SYNC character, the SYNC
circuit programs the controller to latch the data words accordingly. The SYNC
circuit 1is automatically disabled after detecting the SYNC character to
prevent resynchronizations due to the detection of a false SYNC character, for
example, a string of 16 ones not contained within one word frame. At this
point in the operation, hunting for a SYNC character ceases and all incoming
bits are taken as transmitted data. Another system reset will re-enable the
SYNC circuit,

For the purpose of circuit simplification, a hardware method of error

detection and correction is not implemented.
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3. Circuit Description

THE SYNCHRONOUS TRANSMITTER SYSTEM

Figure 3-1 gives the logic circuit diagram of the synchronous transmitter

system,

The Transmitter Register

The PISO shift register is made up of sixteen clocked D flip-flops with
an input selecting circuit at each data input. The edge triggered flip-flop
is chosen for its data lock-out feature, Depending on the control signals
sent by the sequential controller, the input selecting circuit loads into the
bit n flip-flop elther the parallel input n or the Q output of the bit n+l
flip-flop. The flip-flops are numbered bit 15 (most significant bit) down to
bit O (least significant bit) corresponding to parallel inputs I15 to IO.

Data is shifted out of the Q output (SRLOUT) of the bit 0 flip-flop.

The Transmitter Controller

The transmitter controller (Figure 3-2) is a synchronous state machine
built from four D flip-flops, 1labeled A through D. The system reset (RESET)
clears the controller as well as the shift register flip-flops. All flip-flop
SET inputs are disabled by connection to logic 0 (ground).

The 1input forming logic (IFL) of the machine 1s designed such that only
one bit changes in each state transition. Because only NOR gates can be used,
the IFL 1s implemented using a NOR-NOR instead of an AND-OR combination
normally assoclated with a sum-of-product form. The NOR-NOR logic combination
inverts the outputs of the flip-flops, but the effect presents no problems in

this type of application.

TN T T A Y T W
TN AT T "




i
\ ¥
g
g.lx The NOR based output forming logic (OFL) takes for its inputs Q-A, Q-B,
et
L Q-C, and Q-D. Thus, the output of the NOR gate rises when the state is at
'$£ 0000 (state 0). Passed through an inverting super buffer (necessary for large
' ‘-

f*% fan-outs), this signal becomes the /LOAD signal for the PISO register. To
)

B

C derive the /SHIFT signal, the OFL signal is passed through an inverter before
[ 7N

-3?: it enters another super buffer.
K->

;E:‘ For handshaking, the /SHIFT signal can be connected to an output buffer
ol

i and output pin to indicate that the transmitter is ready (TxRdy) to accept
(A

;wﬂa another data word.
el

¥

ﬂ:u

7 The Clock Source

;‘fi A riag oscillator consisting of eleven inverters generates the reference
};i clock signal. The clock frequency can be varied by changing the voltage
e

appliad to the oscillator. For this reason, the oscillator has its own V

‘:jh ce

ﬁc separate from the transmitter circuit Vv . Applying the same voltage to both
)

E{E will set the frequency at approxi;:tely 1 GHz (assuming an inverter
f:;x propagation delay of about 50 ps). A buffer cleans up and strengthens the
ﬂ;éé clock signal for driving the clock inputs of the state machine flip-flops. A
X &é delayed version (due to additional buffering) of the state machine clock 1is
,|

used to clock the shift register. Later, it will be evident from the timing

analysis that the delaying is necessary for the proper loading of the shift

\ ‘
}ﬁﬁ register.
ey
v
A
:t}: THE SYNCHRONOUS RECEIVER SYSTEM
-
7 Figure 3-3 gilves the logic circuit diagram of the synchronous receiver

system.
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The Recelver Register

The SIPO register of the receiver is similarly constructed as the PISO
register of the transmitter except without the input selecting logic. The Q
output of the bit n+l D flip-flop connects directly to the D input of the bit
n flip-flop. The input of the bit 15 flip-flop is the serial input (SRLIN) of
the register. Thus, the way data bits are shifted into the receiver |is

compatible with the way they are shifted out of the transmitter,

The Output Buffer

A Set-Reset (S-R) latch flip-flop is connected to the Q and /Q outputs of
each D flip-flop in the shift register. The sixteen S-R flip-flops form the
output holding register, which serves to hold the 16-~bit data received. The
function 1s necessary, since the external device reading data from the
receiver will most likely be too slow to read the data straight from the shift
register, At a 1l GHz clock rate the data at the outputs of the shift register
changes every 1 ns. On the other hand, the data in the output holding

register change only every 16 ns.

The SYNC Circuit

The synchronizing (SYNC) circuit (Figure 3-5) can be divided into two
sections - the SYNC character detecting section and the SYNC disabling
section. The SYNC detector consists of four 4-input NOR gates which have, for
inputs, the sixteen /Q outputs (/Ql5 to /Q0) of the shift register. The
outputs of these NOR gates are inverted and are then connected to four of the
five 1inputs of the 5-input buffered NOR gate. When the shift register 1is
filled with ones, 1its /Q outputs go to zero. Depending on the condition of

the fifth input pin of the buffered NOR, a SYNC signal is then generated.
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The buffered NOR gate takes its fifth input from the output (SYNCOFF) of
the SYNC disabler. When the circuit is in the SYNC character hunt mode, this
output (the Q output of a D flip-flop) Is low and the buffered NOR is enabled.
When a SYNC character is detected, however, the resulting SYNC signal and the
subsequent fallinz edge of the system clock cause SYNCOFF to go high, which,
in turn, disables the buffered NOR and deasserts the SYNC siznal. The
disabling signal remains high and no other SYNC characters are detected until

the system has been reset.

The Receiver Controller

The design of the receiver state machine is nearly ideantical to that of
the transmitter”s (Figure 3-4). The difference lies in the inclusion of an
additional input to the IFL. This input is for the SYNC signal generated by
the SYNC circuit. The signal, when asserted, forces the state machine to go
to state 0001 (state 1) at the next state transition.

The OFL 1is configured such that an output is generated when the state
machine 1is in state 0010 (labeled as state 15). The latch siznal generator
takes the OFL signal and, because of propagation delays of the logic circult,
generates /LATCH within state 0000 (state 0). The contents of the shift
rezister during state 0000 are thus loaded into the output holding register.

For handshaking, the /LATCH siznal can be used to indicate that data is
ready (RxRdy) at the parallel outputs of the receiver.

For both the transmitter and the receiver, output signals (015 - 00,
RxRdy for the receiver; TxRdy for the transmitter) are passed through
noninverting output buffers before connection to output plas. Input signals

(RESET, SRLIN for the receiver; RESET, 1I15 - I0 for the transmitter) are

passed throuzh 50 ohm pull-down resistors and super buffers before they are
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connected to the main circuitry. In the special case of the SRLOUT and the
CLOCK outputs from the transmitter, the signals are passed through 1line
drivers capable of driving either a coaxial cable system or a fiber optic

transmission system.
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4, Computer Simulations

After the functions of the system have been specified, the system can be
designed. The designing process 1s made easier through the use of computer
simulation packages.

A simulation package called TEGAS5 has been used to test 1initial
configurations of the system [1]. This digital logic simulation and test
generation system 1s available through Control Data Corporation”s CYBERNET
Services network, The software is practical during the early stage of the
desizn process since it is relatively simple and inexpensive. The simplest
mode allows logic function verification and rudimentary timing analysis. For
a more sophisticated analysis of the circuit, however, a circuit simulation
package is required.

Circuit simulation allows integrated circuit designers to make a model of
the circuit at the transistor level and perform, among other things, transient
analysis. The simulation package used is ASPEC (Advanced Simulation Program

for Llectronic Circuits) version 8H, also available through Control Data [2].

MESFET DEVICE TRANSFER FUNCTION ANALYSES

At present, no MESFET model exists in the ASPEC 1library of devices.
Fortunately, the n-channel MOSFET model that does exist 1is sophisticated
enough to permit customization so that it can be used to emulate a GaAs n-
channel MESFET. Credit for the work belongs to Mr. Al Matthews, designer of
the macro-cell array and former manager of Gould - Microwave Products
Division”s GaAs Digital IC Englneering.

The MOSFET model comes with numerous variable parameters, but {t {s only

necessary to set a few, the majority of which are process-related, in order to
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achieve the desired results, The process-related parameters and thefr values

are.

VT Threshold Voltage = -0.5 V for depletion mode
= 0.15 V for enhancement mode
UB Low Field (Bulk) Mobility = 3500 cm2/(V*sec)
TOX Gate Oxide Thickness = 300 angstroms
DNB Bulk Doping Concentration = 1 % 10;7 (:m-3

2 %10 cm/sec

VHX Scattering Limited Velocity

The remaining parameter values are BULK = 0 (substrate is grcund) and CLM
(channel length modulation) = 1. The gate length is set to 0.6 micronm.

All process parameters, with the exception of UB and TOX, come f£from
actual device measurements. The values for UB and TOX have been obtained by
trying several values for each in the MOSFET model and observing the I-V curve
generated each time the model is simulated. The procedure is continued until
the simulation I-V curve comes close to the I-V curve obtained from
experiments. The CLM parameter is set to 1 to give the I~V curve a more
realistic positive slope in the saturation region (the default value O gives a
slope of 0 in this region). Although the physical gate length of each device
is 1 micron, the value used in the model is the effective gate length of 0.6
micron obtained experimentally.

Results from the device simulations can be found in the Appendix starting
from page 41. For all simulation outputs, voltage is given in volts, current
in milliamperes, time 1in seconds, and temperature in Celsius (set at 25

degrees C).
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To complete the model, a diode should be placed between the gate and the
source of the FET to simulate the diode-like effects of the junction between
the gate metal and the n-channel, particularly the area between the gate and
the source, The direction of the diode current flow is from gate to source.

The diode model parameter values are:

-14
IS Reverse Bias Saturation Current =1%*10 amps
-14
CJA Zero-Bias Junction Capacitance =1%*10 farads
RS Series Resistance = 100 ohms

These diode parameters are part of the small-signal equivaler: circuit of the
MESFET, and need to be included in the model only if transient analysis |is

performed.

COMPLEX CIRCUITS AND TRANSIENT ANALYSES
The E-D Inverter

Once the model of a GaAs n-channel MESFET is obtained, a logic gate and
even a digital logic circuit can be simulated. The simplest logic gate to
model first is the enhancement input to depletion load (E-D) inverter. Figure
4-1 shows the schematic of the E-D inverter model. In the case of this as
well as 1in other similar applications, the diode between the gate and the
source may be omitted if the gate is shorted to the source. The omission
saves some computer time, especially when large, complex logic circuits are
involved.

The output file printout from the E-D inverter transfer function analysis
i{s listed on page 46, followed by the inverter transient analyses. To obtain

the transfer function, the input voltage is swept from 0 to 0.8 V. The
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voltage supply 1is set at 1 V. The results of the transient analysis,
performed on three 10 micron input to 3 micron output (10/3) inverters in
series to simulate loadings, give an inverter propagation delay of about 60 ps
(which closely matches measurements made in the laboratory and thus should
give confidence that the quasi-MESFET model is adequate). Also included are
transient analyses of inverters with E/D combinations of 10/4.5 and 10/6. The
results show smaller propagation delays and sharper rises, but also smaller
logic swings. The latter combinations are not normally used, except in places

where delays and fan-outs are critical.

The Line Driver

The next circuit simulated is the coaxial cable line driver (Figure 4-2),
The transient analysis output is on page 52. For this and the rest of the
simulations in this paper, the voltage supply is set at 2 V. The line driver
consists of a super buffer (the first four stages) followed by a fat, 500
micron wide E-mode inverter with a 1 k ohm resistor load. The super buffer
has the effect of boosting and sharpening the input signal, and is very useful
when dealing with large fan-outs or very large input devices. The line driver

is noninverting, with a total propagation delay of about 320 ps. The linear

resistor load pulls up the output to 2 V.

The Output Buffer

A similar circuit to the line driver is the output buffer (Figure 4-3;
simulation output on page 52). The final stage, however, is a 200/60
inverter. The output buffer is used for boosting output signals before they

are connected to the output pins. The total propagation delay of the output

buffer i{s approximately 220 ps.

SR B
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The three remaining simulations involve the use of 1logic NOR gates
(schematic 1in Figure 7-1 (b)). In order to facilitate and simplify the
simulation of these 1large digital logic circuits, macro definitions are
employed. Macros allow one to define a group of basic elements as a single
functionl block that can be used like a circuit component. Once defined, it
can be called as often as possible within the circuit description through the
use of macro expansions. Use of macros, however, does not save memory; 1t

meraly makes the simulation input file easier to write and read.

The D Flip-Flop

The first of the logic circuit simulations is the D flip-flop simulation
(lozic diagram in Figure 4-4; simulation output on page 54). The D flip-flop
is set up as a toggle flip-flop in order to illustrate the propagation delay
of the device (measured from CLOCK input node 10 to output node 80). The
propagation delay 1is 275 ps. One half of this value gives the typical
propagation delay of a NOR gate (fan-out = 3, fan~in = 3). The value
obtained, when compared with the delay of an inverter with a fan-out of one,
shows that a fan-out of N increases the propagation delay by a factor of

approximately N [6].

The Transmitter and Recelver System

The 1last two simulations address the main objective of this study - to
build a 1 GHz GaAs digital transmitter/receiver system. Figures 4-5 and 4-6
give the 1logic circuit diagrams of the transmitter anad the receiver,
respectively. The circuits simulated are reduced but accurate versions of the
systems described earlier. Redundancies exist, particularly f{n the shift

register sections, which can be eliminated without sacrificing the integrity
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Al

of the simulations. For both cases, the sequential controller remains intact.

oo

IR X T R IR

In simulating fan-out loadings, gates proportional to the omitted loads have

*

:-é been added to compensate for the reduction. This approach cuts down on
T
oy
.:R processor time as well as costs.
b
N
A
xt“ The transmitter system
5 Rl
NS
?$| The input file for the transmitter system transient analysis begins on
It
page 55. Before arriving at this final form, several versions have been
Y
Qﬁ' written and rewritten in order to produce the desired output. The same 1is
)
0
),
W true for the receiver system, as well, This process comes after a preliminary
|
-~ '.l
;r desizn is obtained from TEGAS simulations. ASPEC lets the designer simulate
:3? and look at the propagation delays at any point in the circuit. The designer
4.0
,;f- can thus determine 1if the circuit is going to work (or not) and make the
‘ -.‘.'
™ appropriate changes before the circuit is fabricated. Buffers can be placed
;ﬁf at paths with critical fan-out problems (at the expense of delaying the
> .
At
.\}' signals) and additional propagation delays can be added to fix skew problems.
o~
5
L) The outputs generated by the transmitter input file starts from page 59.
o
¢:. The first transient plot contains information on controller signals /SHIFT
e
o (VSHFT) and /LOAD (VLOAD) and its effects on the contents of the (reduced 2-
‘;h bit) shift rezister. The shift register clock (VCLKD) is a delayed version of
ffj the state machine clock (VCLK) - the goal here is to move the falling edge of
EE the shift rezister clock to within the boundary of the negative pulse LOAD
A
.  v signal so that the load function will work. With shift register input Il set
9]
L)
:,R to a logic one and input I0 set to zero, the output of bit 1 (VOl) goes to one
o
O while bit 0 (VSRO) remains at zero after the load operation. The subsequent
L)
o)
; shift operation (clock falling edge while /SHIFT is asserted) causes the
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|%§ output of bit 1 to go to zero as bit 0 goes to one. Another shift leaves both ]
;}5 outputs at zero.

f& The second plot displays the state of the sequential state machine and
tis the status of the shift register input selecting logic, and is wuseful {n
?F: circuit debugzing. To reduce the simulation time length, the state machine
fé has been set to 0010 (state 15, effectively skipping over states 0 to 14), At
}}E} the next clock falling edge, the controller will advance to state 0000. While
~;;: at this state, the OFL is asserted and the control signals are generated (see
,’ﬁ the first plot).

‘

o

oy The receiver system

?ﬁ The 1last ASPEC simulation is the receiver system transient analysis
:EE (input file 1listing begins on page 61). For this simulation, the OFL |is
W

- modified such that it {s asserted when the controller is at 0100 (state 3)
E;? instead of at 0010 (state 15). The simulation time span thus 1is reduced by
;ii rzmoving states 4 to 15 from the simulation.
13‘ Three output plots are generated (printouts begin on page 66). The first
55 displays the status of the state machine (VQA, VQB, VQC, VQD; state outputs
j¢§ VSO and VNSO), and the latch signal generator (outputs VBQ, VST, VLCH) in
;?* relation to the system clock (VCLK). The second printout displays the outputs
E:; of the latch rezisters VO3 ~ VOO in relation to the two versions of the clock
jii (VCLK for the state machine; VNCLK for the shift register), the /LATCH signal,
:;: and the serial input VIN, The last printout gives the status of the SYNC
S:$ circuit (SYNC detecting section - VLNBL, VLNOT, VPROG; SYNC disabling section
‘ :: - VSCLK, VNSCLK, VDOFFQ) in relation to the system clock and the contents of
-!: the shift register (VR3 - VRO).
i
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_e; The rise in the SYNC signal VPROG indicates that the shift register 1is
55? filled with ones. The signal causes the state machine to go to state 0001 at
ty the next VCLK falling edge and the receiver is now synchronized. The VPROG
;i signal also causes the rise of the SYNC disabling signal VDOFFQ at the next
::' VCLK falling edge. This signal, in turn, causes the VPROG to fall. When the
'

ﬁt. state machine reaches state 0100, the /LATCH signal VLCH is again generated
;z and the data 1in the shift register are loaded into the output holding

register,
An examination of printout #2 shows how serial data 1is received.

SFAALIL

42 _5.

Ignoring the first falling edge of VNCLK (since RESET is still asserted), the

<2 a
L 4
.

subsequent four falling edges shifts in four ones and the SYNC character 1is

»
a’a

formed. The 4-bit character that follows is 1010 (received LSB first). By

;ii the time the character 1s fully formed in the shift register, the controller
!ii asserts the /LATCH signal and saves the character in the latch register.

ii In actual implementation and testing, the transmitter system and the
ﬁg receiver system will be interfaced by two equally sized coaxial cables - one
;) for serial data and the other for the main clock signal. Since the
gg propagation delay through the cable varies with its length, the skew between
;3 serial data and clock can be adjusted by using at least one coaxial cable with
g;~ a minutely variable length.

2

Ei FULL SYSTEM LOGIC SIMULATIONS - TEGASS

;;‘ Finally, the circuit designs obtained through ASPEC are translated back
TEE into TEGAS input files (page 69). With TEGAS, it is possible to simulate the
\Sé complete system over a longer time Interval without incurring excessive costs.
i:, Delay elements have been added to simulate the delays observed through ASPEC.
E;‘ The outputs begin on page 74.
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;2 5. The Macro-cell Array
3{' Curreatly under development, the Macro-cell Array is Gould, Inc.”s first
{ﬁ venture into the GaAs gate array field. A similar product named the Quick-
{; Chip is already in production at Tektronix, Inc., [4]. Unlike the Quick-Chip,
f{ however, the macro-cell array contalns digital devices exclusively - analog
“5: functions are not supported. 1In addition, the macro-cell array can accomodate
‘SE larger clircuits.
W The development of the macro-cell array serves several purposes, the most
;f important of which is to test Gould”s new GaAs processing tedhnology. Once
‘ﬁi fabricated, macro-cell arrays will provide system designers a way to integrate
I: in one package fairly larze and complex digital circults with gigahertz clock
}j rates and 1low power consumption. Custonmizing the macro-cell array for a
2
‘i; particular application requires the user to design and fabricate only three
‘: masks.,
:j The 1ianer section of the macro-cell array consists of ninety-six macro-
;; caells divided evenly into two rectangular groups separated by an approximately
" 140 micron wide horizontal gap. Arranged within each rectangular group are
:Q four rows of nine macro-cells. This inner array occuples a 1325 micron by
{3 1370 micron area.
,5: Surrounding the inner array and forming the square perimeter of the whole
;: macro-cell array are thirty-two input/output (I/0) cells - eight I/0 cells on
;E each side and spaced 225 microns apart. In each space between 1/0 cells is an
;} 1/0 pad. There 1s a total of thirty-two I/0 pads for connection to the
| outside world. There 1s ample space between the inner array of macro-cells
;% and the outer array of I1/0 cells and between the two halves of the inner array
'd for hefty power bus lines. The whole macro-cell array fits into a 1900 micron

wide square area.
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Inside each 125 micron by 150 micron macro-cell are two columns of input
devices, with ten devices in each column. Each device is an enhancement mode
n-channel MESFET with a 10 micron width and a 1 micron gate 1length. Between
the two columns is a column of eight nonlinear load devices. Each of these
depletion mode wn-channel MESFETs has a 1 micron gate length and a width
selectable to 3, 4.5, or 6 microns, depending on how the source and draln are
wired.

The 1input/output cell permits the construction of signal buffers and
drivers. Occupying a 100 micron by 100 micron area, an I/0 cell contains two
6 micron and two 30 micron depletion devices. Also contained are four 20
micron enhancement (or E) MESFETs, two sets of 35 micron E-MESFETS each with
two parallel gates, and two sets of 35 micron E-MESFETS each with seven
parallel gates. By connecting in series the parallel gates in a set, larger
devices can be made available, For instance, connecting all seven gates on
the 35 micron MESFET will yield a 245 micron enhancement device. However, no
more than one device can be fabricated in each set. All devices in the 1I/0
cell, like the devices in the macro-cell, use the one micron technology. Each
I/0 cell also contains two, 5 micron by 20 micron resistors, available for

pull-ups and pull-downs.




6. Circuit Implementation on the Gate Array

Integrating the transmitter and the receiver using macro-cell arrays is
not a difficult task. Because a macro-cell array is preprocessed up to the
gate metal layer of the transistors, integrating a custom circuit design on it
takes less time and only requires three levels of metallization (hence three
masks) for transistor interconnects. The three mask layers are, from
bottommost to topmost, metal 1, via, and metal 2.

Metal 1 1is wused to interconnect the devices on the surface of the
(uncustomized) macro-cell array. For the most part, these 1lines run
horizontally (parallel to the 140 micron gap described earlier).

Raised above metal 1 by a dielectric layer, the metal 2 layer serves to
bridge over metal 1 layer obstacles such as active transistors and other metal
1 1lines. These lines generally run vertically. Metal 2 is preferred over
metal 1 for power wirings because of its greater conductivity.

The middle mask layer, the via layer, allows metal 1 connections to be
brougiht up to the metal 2 level. This mask causes holes to be etched through
the dielectric layer to metal 1 lines underneath so that metal 1 and metal 2
will connect when the metal 2 layer is deposited.

There are a few simple layout rules to be followed in designing circuits
for the macro-cell array. Wire width must be 1 micron minimum for metal 1 and
2 microns minimum for metal 2, although it is a good practice to make the
wires wider, especially when they run long or carry strong signals. Wirings
on both metal levels are to be done at a minimum 2 micron pitch. Finally, the
minimum crossover for contact between gate metal and metal 1 and between metal

1 and via is set at 1 micron.
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,} 7. Circuit Layout

< Availability of 10 micron E-mode inputs and 3, 4.5, and 6 micron D-mode
12 loads makes possible the implementation of direct-coupled FET logic (DCFL)
$

" gates. Construction of a logic gate 1s simple (see Figure 7-1). Although
] "

\ NAND gates are possible, they are not used because they prove to be unreliable
ﬁ when fabricated using this particular GaAs process [6]. The designer is thus
L restricted to NORs and inverters when constructing a digital circuit.

Figure 7-2 illustrates the implementation of a falling edge triggered D
flip-flop using one macro-cell (the wide vertical lines are metal 2 wires).
The flip~flop features an asynchronous SET and RESET and is the basis of most
of the functional blocks in the transmitter and receiver system. Figure 7-3
shows how two S-R latches fit inside one macro-cell.

A screen from the CAD graphics system used to design the circuit layout

L

ooy F X h
FRE bl s &8 i

is shown in Figure 7-4. The wide red rings surrounding the inner array of

_E cells are the power wirings discussed earlier. The blue lines represent metal
'!\-

X5 1 lines.
O The photograph shows the transmitter circuit at 907 completion,
: sufficient enough to 1llustrate the layout of the major sectiomns. The
A

~ clusters at the top left and at the bottom right of the inner array constitute
-

5
. the PISO shift register. The two columns of macro-cells on each of the far
. edges are the shift register flip-flops and the inner column on each side
{: makes up the input selectors. The eight macro-cells located at the upper
Y
@ right are occupied by the state machine. The ring oscillator is the cluster
,{: at the bottom left of the inner array.
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8. Conclusion

The circuit design for a 1 GHz transmitter and receiver system, to be

implemented on Gould, Inc.”s GaAs macro-cell array, has been completed. Used

¢§§j with either a coaxial cable system or the more state-of-the-art fiber optics
1«5? system, the communications system can function effectively in a 1local area
5r§i£ network, in anticipation of future demand for extremely fast data transmitting
»{;( capability.

A

- Through computer simulations, which necessitated the creation of a GaAs
i§53 MESFET model, the operations of the the transmitter and the receiver have been
EiSA tested and demonstrated. Typical propagation delays obtained from the
k"
P simulations are in line with those obtained from actual measurements. For a
&2} simple inverter, a delay of about 60 ps has been obtained. More complicated
;gzg circuits, particularly NOR gates and amplifiers, produce even larger delays.
3D

Problemns with the circuit designs encountered in the course of the simulation
are identical to problems that may be encountered in actual device testing.

AR For 1instance, the simulations show that, as the circuits become larger and

ii;. more complex, the degradation of signal levels due to larger fan-outs become
:';.' more and more of an issue (a common problem in MESFET-based circuits).
j§§§ Remedies such as amplifiers sacrifice speed for signal integrity. Because the
2?:N use of NAND gates is not allowed (because of process limitations), the logic
i;:: circuit design 1is less efficlient and is, therefore, slower. It is still
QEﬁ possible to desizn a communications system to run at 1 GHz (as has already
iiEA been demonstrated), but the system will require a slight re-design (mainly
: :E skew adjustments) in order to run it at faster clock rates, even if the
. ' difference is not that great.
KA

3 Work on the masks required for the customization of the gate arrays is
:23? near completion, but the macro-cell array is not yet ready for fabrication.
-':’:5:
o,
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For further work, the circuit designs can be implemented on the macro-cell
' array and tested. It may even be a good idea to reduce the data size to 8

" bits so that both the transmitter circuit and the recelver circuit can be

oy built on the same chip.
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> ENHANCEMENT (NOPMALLY OFF) MESFET I-V CHARACTERISTIC: VGS = 0.6V

! +PC NP REPRINT

- .TFUN VDS 0.0SV OV 2V
LOUTPUT TFUN ID M1

“ .PAFAM VDS=0OV VGS=0.&V

2 M1 2 1 O ENHMD 10 0.6 OV VGS

: VINDS Z 0 DC VDS

e VINGS 1 © DC VGS

-3 «MODEL ENHMD NMOS BULK=0 VT=0.15 UB=3500 TOX=300 DNE=1E17 VMX=2E7 CLM=1
-END
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MOSFET (-U CURVE HITH UGS = 8.6V

TEMPERATURE

25.9

TRANSFER FUNCTION -

8> TFUN
vos

.0
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DEPLETION (NORMALLY ON) MESFET I-V CHARACTERISTIC: VGS =

«PC NP REPRINT

<TFUN VDS 0.0V 0V 2V

LOUTPUT TFUN ID M1

+PARAM VDS=0V VGS=0V

M1 2 1 O DEPMD 3 0.6 OV VGS

VINDS 2 ¢ DC VDS

VINGS t ¢ DC VGS

+MODEL DEPMD NMOS BULE=0 VT=-0.5 UB=3500 TOX=300 DNE=1E17 VMX=ZE7 CLM={
<END
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MOSFET 1-U CURVE HITH UGS = &V

TEMPERARTURE

= 25.@

TRANSFER FUNCTION -

8) TFUN
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E TO D INVERTER TRANSFER FUNCTION

+PC NP REPRINT

«TFUN VIN 0.02 OV 0.3V

SQUTPUT TFUN VOUT 2 Q

+PARAM VIN = OV

M1 2 1 O ENHMD 10 0.6

M2 3 2 2 DEPMD 3 0.6

VINP 1 O DC VIN

veC 3 0 DC 1V

+MIDEL DEPMD NMOS BULK=0 VT=-0.5 UB=I%00 TOX=300 DNE=1E17 VMX=ZE7 CLM=1
+MODEL ENHMD NMOS BULK=0 VT=0.15 UE=3500 TOX=300 DNER=1E17 VMX=2E7 CLM=1
«END
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TEMFERATURE

25.0

TRANSFER FUNCTION -

8) TFUN

VIN

.0
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ﬁﬁ% E TO D INVERTER TRANSIENT ANALYSIS (3 MICRON WIDE DMESFET)
. -PC NP
-TRAN 10PS 1000PS

- «PLOT VIN 2 0 VOUT 3 0 VOUT 4 ©

N MA1 3 2 0 ENHMD 10 0.6

SN MA2 1 3 I DEPMD 3 0.6

e DIA 2 O DICDE

'~{ MB1 4 3 0 ENHMD 10 0.6

o ME2 1 4 4 DEPMD 3 0.6
o DIBR 3 O DIODE
o MC1 S 4 0 ENHMD 10 0.6

N MC2 1 S S DEPMD 3 0.6
= DIC 4 O DIODE

v VINP 2 0 DC OV PL OV 100PS 0.6V 200PS 0.&V SOOPS OV &0OPS
" VCC 1 0 DC 1V

Ay -MODEL DEPMD NMIS BULK=0 VT=-0.5 UB=3S00 TOX=300 DNB=1E17 UMX=2E7 CLM=1
e -MODEL ENHMD NMOS BULK=0 VT=0.15 UB=3500 TOX=300 DNB=1E17 VMX=2E7 CLM=1
‘RS -MUDEL DIODE D IS=1E-1d CJA=10E-15 RS=100

et -END
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INVERTER TRANSIENT ANALYSIS WITH 3 MICRON WIDE (NORMAL) D-MESFET
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INPUT SIGNAL; VOUT (1) = NOT(VIN (0)); VOUT (2) = NOT(VOUT (1))
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TRANSTENT ANALYSES WITH 4.5 MICRON WIDE D-MESFET
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COAXIAL CABLE LINE DRIVER - TRANSIENT ANALYSIS

- TRAN 10PS 1200PS

PLQT VIN 10 O VOUT 20 O VOUT 25 0 VOUT 30 O VOUT 40 O VOUT SO O
$ INVERTER A

MA1 20 10 O ENHMD 20 0.6

MAZ 1 20 20 DEPMD 6 0.6

DIA 10 O DICDE 2

$ INVERTER B

MB1 2% 20 0 ENHMD 10 0.6

MB2 1 25 25 DEPMD 3 0.6

DIB 20 O DICDE

$ INVERTER C

MC1 30 20 O ENHMD 20 0Q.&

DEC 20 O DIODE 2

MC2 1 25 30 DEPMD & 0.6

DDC 25 30 DIQDE 0.6

$ STAGE D

MDi 40 30 O ENHMD 70 0.6

MDZ 1 20 40 DEPMD 30 0.

DED 3¢ O DIDDE 7

DDD 20 40 DIDDE 3

$ FINAL STAGE

ME1 S0 40 O ENHMD S00 0.6

DEE 40 O DIODE S0

RPULLUP 1 50 1K

$ ———

VINP 10 O DC OV PL OV 100OPS 0.6V 200PS 0.6V 600PS QV 700PS
VCC 1 0 DC 2v

+MODEL DEPMD NMOS BULEK=0 VT=~0.5 UB=3500 TOX=300 DNB=1E17 VUMX=2E7 CLM=1
+MODEL ENHMD NMOS BULK=0 VT=0.15 UB=3500 TOX=300 DNE=1E17 VMX=ZE7 CLM=}
-MUODEL DIODE D IS=1E~14 CJA=10E-135 RS=100

«END
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QUTPUT BUFFER - TRANSIENT ANALYSIS
«TRAN 30PS 3I300PS

+PLOT VIN 10 O VOUT S0 0

$ INVERTER A

MAL 20 10 O ENHMD 20 0.6

MA2 1 20 20 DEPMD & 0.6

DIA 10 O DIODE 2

$ INVERTER B

MB1 25 20 O ENHMD 10 0.6

MB2 1 25 25 DEPMD X 0.é&

DIBR 20 O DIODE

$ INVERTER C

MC1 30 20 O ENHMD 20 0.6

DEC 20 O DINDE 2

MC2 1 25 30 DEPMD 6 0.6

DBC 2% 30 DIODE 0.6

$ STAGE D

MD1 40 30 O ENHMD 70 0.6
MD2 1 20 40 DEPMD 30 0.6
DED 30 O DIDDE 7

DDD 20 40 DIGDE 3

$ FINAL STAGE

ME1 SO 40 O ENHMD 200 0.6

ME2 1 S0 50 DEPMD £0 0.6

DEE 40 ¢ DIODE 20

$ —=——-

VINP 10 O DC OV PL OV 100PS 0.4V ZOOPS 0.6V &6Q0PS OV 700PS QV 1100PS R 100PS
VCC 1 O DC 2V

+MODEL DEPMD NMOS BULK=0 VT=-0.5 UB=3500 TOX=300 DNE=1E17 VMX=2E7 CLM=1
«MODEL ENHMD NMOS BULK=0 VT=0.15 UB=3500 TOX=300 DNE=1E17 VMX=2E7 CLM=}
+MODE! DICDE D 1S=1E-1d4 CJA=10E-15 RS=100

«END
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COAXIAL CABLE LINE DRIVER TRANSIENT ANALYSIS -

VIN (0) = INPUT SIGNAL; VOUT (5) = FINAL AMPLIFIED OUTPUT (FROM 500 MICRON

E-MESFET); PROPAGATION DELAY = 320 ps APPROX.
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D FLIP-FLOP PROPAGATION DELAY ANALYSIS

-PC NP

+TRAN JI0PS d4S00PS

«PLOT VCLK 10 O VRES &0 O VDAT 40 O VOUT 30 O Via 80 0O

DCVOLT 20 OV 40 0.6V S0 OV 70 0.6V 20 OV 30 OV

$ MACRO DEFINITION

«MACRD NOR3 1 2 3 4 S 6

MEL S 2 6 ENHMD 10 0.6

Di 2 6 DICDE

MEZ & 3 6 ENHMD 10 0.6

D2 3 6 DINDE

MES 5 4 6 ENHMD 10 0.6

D3 4 6 DIODE

MDt 1 S S DEPMD 3 0.6

<EOM

«MODEL DEPMD NMOS BULK=0Q VT=-0.3 UB=3200 TOX=300 DNE=1E17 VMX=2ZE7 CLM=1
+MODEL ENHMD NMOS BULK=0 VT=0.15 UB=3500 TOX=300 DNB=1E17 VUMX=2E7 CLM=1
+MIJDEL DICODE D IS=1E-1d CJA=10E-15 RS=100

$ MACFO EXPANSIONS

XAA 100 &0 30 70 SO O NOR3

XA 100 30 0 10 70 O NORZ

XB 100 70 10 30 20 O NOR3

XBE 100 20 O 40 30 O NOR3

X@ 100 &0 70 40 20 O NOR3

X&B 100 30 20 0 40 O NOR3

VCLE 10 O DC OV PL OV 100PS 0.6V 200PS 0.6V &00PS OV 700PS

+ 0V 1100PS R 100PS

VRESET 60 O DC OV PL OV 80PS 0.6V 180PS 0.6V 1920PS OV 2080PS
VvCC 100 0 DC 2v

+END
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D FLIP-FLOP PROPAGATION DELAY ANALYSIS -

(0) = CLOCK SIGNAL

(1) = RESET SIGNAL _

(2) = D INPUT SIGNAL (Q OUTPUT OF THE FLIP-FLOP)
(4) = Q OUTPUT OF THE FLIP-FLOP
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( D FLIP-FLOP PROPAGATION DELAY ANALYSIS -

. (0) = CLOCK SIGNAL

2 (1) = RESET SIGNAL  _

- (2) = D INPUT SIGNAL (Q OUTPUT OF THE FLIP-FLOP)
(4) = Q OUTPUT OF THE FLIP-FLOP
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TRANSMITTER MUDEL-REDUCED TEST FILE
-PC NP

«TRAN 40PS
«PLOT VCLK
+ VLDAD SO

S5.7NS
O UNCLK €3 O VCLKD €d O VOl é1 O VSRO 62 O VGFLL 49 O
VSHFT &0 O VI1 S3 0O

+PLAT VCLK 2 0 VELS! S5 O VBLPI
+ VBLNO 60 O VOA 17 O V@B 26 O V3C 35 0 vaD 43 O
$ MACRO DEFINITION /////7/777711777¢177
+MACRD DFFFET 0 1 2 34 11 S 6
NOF GATE AA
MAAL1 7 4 O ENHMD 10 0.6
DAAL 4 O DIIDE
MAAZ2 7 10 O ENHMD 10 0.6
DAAZ 10 O DIODE
MAAZ Q ENHMD 10 0.6
DAAZ DICDE

MAAD 7 DEPMD 3 0.6
------ NOR GATE A
O ENHMD 10 0.6
) DIODE

1 0 ENHMD 10 Q.6
O DICODE
O ENHMD 10 Q.6
DIODE
3 DEPMD 3 0.6

NOR GATE H
O ENHMD 10 0.4
DIODE
O ENHMD 10 0.6
DICDE
9 10 O ENHMD 10 0.4
10 0 DICDE
MED 1 9 9 DEPMD 3 0.6
NOF GATE BE

10 9 0 ENHMD 10 0.6
9 0 DIODE

10 11 O ENHMD 10 0.6
11 O DIGDE

10 3 0 ENHMD 10 0.6
3 0 DIODE

1 10 10 DEPMD 3 0.6
NOF GATE @

O ENHMD 10 0.6
DICDE
O ENHMD tO 0.6
DICDE

0 ENHMD 10 0.6
DIODE

S DEPMD 3 0.6

NOR GATE OB
MR2BL 6 S O ENHMD 10 0.6
D&@E1 S O DIODE

MOB2 6 9 O ENHMD 10 0.6
Dee2 9 0 DIODE

2
Q
2

78
80
17
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1

MEBE2
DBBZ
MBR3
DBBE3
MBBD
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MIB3 6 11 O ENHMD 10 0.6

N DGES 11 O DIODE

MIBD 1 & 6 DEPMD 3 0.6

DCVOLT S OV & 0.6V 7 OV & 0.6V 9 OV 10 OV

. . EOM
,;' ‘ -t - - r Tttt -t - -t %t
S «MACRO NOT 0 1 2 3
o MEL 3 2 O ENHMD 10 0.6
. D1 2 O DIODE
v MD 1 3 3 DEPMD 3 0.6
S .EQM
4.' ’ EEEE S S S S S S S R S ST S S S oo oS SIS SSESE=ER=====
- «MACRIJ NOR2 0 1 2 3 4
‘ MEl 4 2 O ENHMD 10 0.6
Dt 2 O DIODE
X MEZ 4 3 0 ENHMD 10 0.¢
. D2 3 0 DINDE
5 MD 1 4 4 DEPMD 3 0.6
& . EOM
iy s 4+ 3+t -+ 4+ttt 1t -ttt ittt
q “MACFO NORI 0 1 234 S
- ME1 S 2 O ENHMD 10 0.6
- DI 2 O DIODE
- MEZ S 3 0 ENHMD 10 0.6
o D2 3 O DINDE
- MEZ S ¢ O ENHMD 10 0.6
D3 4 O DIODE
- MD 1 5 S DEPMD 3 0.6
L~ <ECM
:\' $§ =====zss==ssosss=msSoSs=soETSSEZToocSS=zooEsT
[}
N CMACRO NORd O 1 23 4 5 6
s MEL & 2 0 ENHMD 10 0.6
N D1 2 O DIODE
) MEZ 6 3 0 ENHMD 10 0.6
A D2 3 O DIODE
2 ME3 & 4 O ENHMD 10 0.6
“ D3 4 0 DINDE
¥ MEd 6 S 0 ENHMD 10 0.6
i D3 5 0 DIDDE
N MD 1 6 & DEPMD 3 0.6
- .EOM
‘-. ‘ -ttt -ttt -ttt 1t 11
X ‘MACRO BUFFER 0 1 2 6
" $ STAGE A
: MA1 3 2 O ENHMD 20 0.6
{ DIA 2 O DICDE 2
MA2 1 3 3 DEPMD & 0.6
$ STAGE B
MB1 4 3 O ENHMD 10 0.6
3 DIE 3 O DIODE
b MBZ 1 4 « DEPMD 3 0.6
.. $ STAGE C ;
. MC1 S 3 0 ENHMD 20 0.6 l
3 DEC 2 O DICDE 2 |
N i
-
. \

IR R T A P S S N R S AR R BE-0-F S A DV R R 0 i
P ‘:"h-:‘-?.}.' C s .:-f L ’\\f "Q\"-.' PR ..-f'.‘-?‘.'ﬂl’,\-" In\-'\(‘.ﬁ?.'i AT AT A '\,‘;_ "oy > n"\? ‘e - R0 & ‘.-“,} "4
A A » () » = = 3! . r Iy \ AT e, A




LN
ARAAL

T
2

AR RIS
[ A
1 [] TR B

)

\

¥

3
x*x
Bad "AA.J.-' -t

o e ap oh on

t
. Lt
LA o SN

=~
b

v iy
AT ]
-

MC2 1 4 S DEPMD & 0.6
DDC 4 S DIODE 0.6
$ STAGE D
MDI & S O ENHMD 70 0.6
DED 5 O DIODE 7
MDz § 3 6 DEPMD 30 0.¢é
DDD 3 &6 DIGDE 3
-EOM
$ MACRO EXPANSICONS ////7///1117/1771171777177/7
=== SEGMENT A ==s=s====s==s===s====z=======
XDFFA 0 1 2 11 51 0 12 13 DFFFET
XNGA1 0 1 12 14 NOT
XNGAZ 0 1 12 15 NOT
XPSA1 0 1 13 16 NOT
XPSAZ 0 1 13 17 NOT
XASt1 O 1 26 33 42 12 NORJI
XAS12 0 1 17 43 20 NORZ
XAS13 0 1 17 35 19 NOR2
XASZO 0 1 18 19 20 11 NORZ
=== SEGMENT B ======s=====s===z====szs3z====
XDFFB O 1 2 21 51 O 22 23 DFFFET
XNGB1 0 { 22 24 NOT
XPSE! O 1 23 25 NOT
XPSBz 0 1 23 26 NOT
XBS11 0 1 26 33 27 NOR2
XBS12 0 1 25 44 29 NOR2
XBS13 0 1 1S 35 42 28 NORI
XBS20 0 1 27 28 29 21 NOR3
=== SEGMENT C ===s====z===================
XDFFC 0 1 2 30 0 52 31 32 DFFFET
XNGC1 0 1 31 33 NOT
XNGC2 0 1 31 33 NOT
XPSC1 0 1 32 34 NOT
XPSC2 0 1 32 3% NOT
XCS511 0 1 34 42 36 NOR2
XCS12 0 1 15 24 44 37 NOR3
XCS13 0 1 16 25 44 38 NORZ
XCS20 0 1 36 37 33 30 NOR3
=== SEGMENT D ==s====sszz==s===z=ss====z===
XDFFD 0 1 2 39 51 0 40 41 DFFFET
XNGD1 O 1 40 42 NQT
XPSD1 O 1 41 43 NOT
XPSD2z O 1 41 44 NOT
XDS11 O 1 14 24 33 47 NOR3
XDS12 0 1 16 25 33 45 NOR3I
XDS13 0 1 14 25 34 43 NIR3
XDS1d4 0 1 16 24 34 46 NOR3
XDS20 O 1 45 46 47 42 39 NORd
$ === QUTPUT LOGI( ===s==s====z======s=sz===

XOFLL
XNCOFL
XLDEBf
XSFBF

01 17 26 35 43 49 NORd

01 49 79 NOT

0 1 49 50 BUFFER

0 1 79 80 BUFFER

SHIFT REGISTER ====z====z=z====s=====
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XCNOT O 1 2 63 NOT

XCBFR O 1 63 64 BUFFER

$ —--— SIMULATION OF ADDL LOAD ON BUFFER -—-
MSREG1 65 64 O ENHMD 120 7.2

DSRG1 é4 O DIODE 12

MSRG2 65 0 O ENHMD 240 14.4

MSRGD t &5 &5 DEPMD 36 7.2

$ =======

XBLSt 0 1 O 20 S5 NORZ

XBLP1 O 1 S3 50 56 NOR2

XBLNi1 O 1 55 S6& 59 NOR2

XBLKL O 1 64 59 O O 61 71 DFFFET
§ =======

XBLSO 0 1 61 30 57 NOR2

XBLPO O 1 0 S0 58 NORZ

XBLNO O 1 57 528 60 NOR2

XBLEO 0 1 64 60 0 O 62 72 DFFFET

$ --— SIMULATION OF ADDL LOAD ON STMACH OUTPUTS ---

$ ~—— SIM LOAD ON LD ---

MLDLDL 67 SO O ENHMD 140 2.4

DLDLDY S0 O DICDE 1d

MLDLD2 67 O O ENHMD 140 3.4

DLDLD2 O O DIODE 14

MLDLDD 1 67 &7 DEPMD 42 2.4

$ ——— SIM LOAD ON SHFT --—-

MSFLD! &6 80 O ENHMD 140 8.4

DSFLDt €0 O DIODE 14

MSFLD2 &6 O O ENHMD 140 8.4

DSFLDZ O O DICDE 14

MSFLDD t &6 €6 DEPMD d2 3.4

$ ///// MODEL PARAMETERS /////

-MGDEL DEPMD NMIS BULK=0 VT=-0.5 UB=IS00 TOX=300 DNB=1E17 YMX=ZE7 CLM=1
-MODEL ENHMD NMOS BULK=0 VT=0.15 UB=3500 TOX=300 DNB=1E17 UMX=ZE7 CLM=1
-MODEL DIODE D IS=1E-1d CJA=10E-15 RS=100

$ EEEARRNERNENERE R RN RN E R R RN R R R R R R R RRERRRRERRRRRR
VCLK 2 0 DC OV PL OV 100PS Q.&V 200PS 0.6V 600PS OV 700PS

+ OV 1100PS R 100PS

VRESET 51 O DC OV PL OV 80PS 0.6V 120PS 0.6V 900PS OV 1000PS
VSET 52 0 DC OV PL OV 80PS 0.6V 180PS 0.6V 300PS OV 1000PS
VI1 S3 0 DC OV PL OV 1300PS 0.6V 1d400PS 0.6V d4400PS OV d4S5S00PS
VCC 1 0 DC 2V

<END




WV TR WU WO JUOrTTT O T

59

- . Ze ° ry
. a - 9 e . 1 e °'pg .
. 8 - 9 * 0 . L e .
. 'Y . 9 (Y4 . l° @ .
* L 9 22 d L e .
* LA 9 M-I 4 . A S .
* . 9 s z - L le .

* LA 9 ¢ < Zz L te .
. . * 9 . ¢ - 2z 1 .
. r's . Q . [ z L » -
. s - 9 . e Z L - °
. .« - 9 . . S Z L .

. . - Q . . s 8w .
. o - 9 . 1 . ZGSL » *
. 8 - 91 0 . P4 »» .
. 2 - 91 . Z O Le .
. 8 - 91 . 4 . Le o] .
. 8 - 9 1 -z . Le o .
M 2 - 91 z . Le o) .

- a - s 1z - . Le o .
: LB KA S . Lo 0 .

. e - @ T 1 . L [d] .
. e - a oz 1 . Le o .

. =] . 9 r . 1 . L 0 -
. o - Q 7 - v . L 0 .
. a2 - @ T - 1 ) [e) .
* a - I z - 1 0 Leg .

. 8- 9 Tr 0 . Lew ¢

. . - 9 be . L5 *

. . - { © 7 N FA=2 ‘

- . - 9 . z . L51w :

. . - 9 - T L5te .
. » . 9 . z LSl .

. 0g * Q ° -2 (Sl °

. o - 2 -8 : z L3w .
. 2 I 9 - . EAN - A .
. n . 9 . . Z Lee @ .
. o - 9 N . TLlse 8 .
- O - 9 ’ | S T Lcae B .

. . . 0 - Z L e e .
. 4 t 9 - 4 20 s B .
. . e - Zz R A re L3 .
* * 19 2z L b - .

. . 1 92 L ca [ .
* . 1z 9 L * ‘e - .
. . v L9 . X . .
. . 1" 9 . 114 » .
- . Lz " 9 . ce - o
. - Lz R 9 - ce - .
M ° Lz : 1 °9 Se . .
. . Lz L Ste L4 *
. L z . 08 - » @ *
- - h NO ° . - c—. m .
. o - ¢ z R~ 9 * ils 8 .
N o - L ¢z 1] 9 ° te 8 °
. o - ¢ * Z6e ° 9 ls 8 *
* o ¢ * < z - 9 la g .
. o - ¢ ‘S 'z 9 ls 8 *
. o - ¢ s - . Z 9 1 9 .
. o - ¢ S . . Zz 9 ts B *
. o * LS . * Z 9 1s 8 .
. o - (S . - 29 1ts 8 .
. o - LS M M Ze s 8 *
. ] L8 . 1 . . e .
. MY A~ | R ] . s &g .
. - ag . . 08 s @ .
. - g . . s o s .
. . ag . . - .e .
. - »g . . - . .

J444444444]14402400491044090420]0000300041030000040]
10-307°L 10~309°4% 10-300°P 10-30p°Z Z0-300°'8 2Z20-300°0-

60-30089°2
650-300v9°2
©€0-30009°2
60-3009¢+Z
60-3002¢°Z
60-3008p°Z
60-300tp°Z
6£0-30009°Z
60-3009¢ -2
6£0-3002¢-Z
€0-3008Z°2
60-300b7°2
60-3000Z°2
60-30093°Z
€0-30021°2
60-30080°Z
6€0-300Pr0*2Z
6£0-30000°Z
60-30096° 1
6£0-300T¢ "}
60-300uR" 1
50-300p8° 1
60-3000g8° 1
60-30092-1
H0-3INNTL T

0= ur. SINIE L

60-3009g 1
60-300Z5° Y
6€0-300Ap- 1
60-300pp- 1
60-30000P"° 1
6£0-3009¢ ¢
60-3002¢"1
60-300RZ°1
£0-30002Z° 1
60300021
€0-30091 "1
60-300ZF1 )
60-30080° 1
£0-300p0° 1
&£0-30000° 1
01-30003°6
01-3000Z2°6
01-30008°8
01-3000v°8
01-30000°8
01-30009*¢
01-3900Z°¢L
01-30008°9
01-3000v°9
01-30000°*9
01-30009"S
01-30002°S
01-30008°p
01-30000"9
01-30000°p
01-30009°¢
01-30002°¢
01-30008°2
01-30009°Z
01-30000°Z
01-30009"1
01-30002°1
11-30000°8
11-30000° ¢
o

ML

1o A S P E C »»

TRANSMITTER MODEL-REDUCED TEST FILE
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TEMPERATURE =

TRANSIENT ANALYSIS

CO000DL0000Q
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TRANSMITTER MODEL-REDUCED TEST FILE

23.0

TEMPERATURE =

TRANSIENT ANALYSIS -
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VCLK @ {.0E<00 2

Q)
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VEBLNO @& | .0E+00 60

VBLS1 # 1.0E+OD
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VOA & (.0€¢00 17
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/TR
:j;j RECEIVER MODEL-REDUCED TEST FILE
A .PC NP
.TRAN 100PS 4.dNS dOPS &.8NS 100PS 2.2NS dOPS 9.7NS
RS -PLOT VCLK 2 O VRA 17 O V@B 26 O VOC 35 O VAD 43 0 VSO 49 0
g + UNSO 80 O VEQ 81 O VST 828 0 VLCH 34 0 UNGE 87 O
A .PLOT VCLK 2 O VIN S5 0 UNCLK 56 0 VO3 93 0 V02 92 0 V01 91 0 V0 90 0
o + VLCH 84 0
& .PLOT VCLK 2 O VLNBL 66 O VLNQOT 67 O VPRQG 65 0 VR3 5% O VR2 60 O
':7 + VR1 62 0 VRO 64 0 VSCLK 94 O UNSCLK 97 O VDOFFQ 35 0
o $ MACRQ DEFINITION //////7//711117/1/
S " .MACRD DFFFET 01 2 34 11 56
e $ -———- NOR GATE AA
v {3 MAA1 7 4 O ENHMD 10 0.6
ol DAA1 4 O DICDE
\ MAAZ 7 10 O ENHMD 10 0.6
Ay DAAZ 10 O DICDE
o MAA3Z 7 8 O ENHMD 10 0.6
S DAAZ € O DIODE
e MAAD 1 7 7 DEPMD 3 0.6
Ay $ —————- NOR GATE A
: MA1 8 7 O ENHMD 10 0.6
o DA1 7 © DIODE
;;ﬁ. MA2 8 11 O ENHMD 10 0.6
o DA2 11 O DIODE
- MA3Z 8 2 O ENHMD 10 0.6
N DA3 2 O DICDE
MAD 1 8 & DEPMD 3 0.6
T $ - NOF: GATE E
- MBI 9 & O ENHMD 10 0.6
b ;3 DBl € O DTODE
3 MB2 9 2 O ENHMD 10 0.6
e DB2 2 O DICDE
J MB3 9 10 0 ENHMD 10 0.6
o DB3 10 O DICDE
- MBD 1 9 9 DEPMD 3 0.6
v $ ——---- NOR GATE BE
N MBE1 10 9 0 ENHMD 10 0.6
[ DEE1 9 O DIDDE
- MBBZ 10 11 O ENHMD 10 0.6
o DEE2 11 O DIODE
pot MBB3 10 I O ENHMD 10 0.6
s:): DEBZ 3 O DICDE
»o%ﬁ MBED 1 10 10 DEPMD 3 0.6
re! $ —————- NOR GATE @
> M@1 S d O ENHMD 10 0.6
S35 D@1 4 O DIODE
e M32 S 8 0 ENHMD 10 0.6
A D62 8 O DIODE
SO MO3 S 6 O ENHMD 10 0.6
LYy DG3 6 O DIODE
ey MAD 1 S S DEPMD 3 0.6
T $ ——mme NOR GATE @B
! M2E1 6 5 O ENHMD 10 0.6
N DGE1 S O DIODE
o
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MIB2 6 9 0 ENHMD 10 0.6

DaB2 9 O DICDE

MIB3 & 11 Q ENHMD 10 0.6

DA@B3 11 O DICQDE

MQBD 1 6 &6 DEPMD 3 0.4

DCVOLT S OV 6 0.6V 7 OV & 0.6V 9 OV 10 OV

-EOM

’ - A -
+MACRD DLATCH 0 1 2 3 4 7
$ ————— NOF GATE A
MA1 S 2 O ENHMD 10 0.6
DAl 2 O DICDE

MAZ S 4 O ENHMD 10 Q.6
DAZ 4 O DIODE

MAD 1 S 5 DEPMD 3 0.8
$ ——-—— NOR GATE E
MB1 & 4 O ENHMD 10 0.4
DB 4 O DIODE

ME2 6 3 O ENHMD 10 0.6
DB2 3 O DIODE

MBD 1 & & DEPMD 3 0.6
$ - NOF GATE @
Mot 7 S 0 ENHMD 10 0.6
Dé1 S O DICDE

M2 7 2 0 ENHMD 10 0.6
Deéz & O DIODE

M2D 1 7 7 DEPMD 3 0.6
$ ————-= NOR GATE OB

MQE1 2 7 O ENHMD 10 0.6
DBt 7 O DICDE

MRARZ 8 6 O ENHMD 10 0.6
DOB2 ¢ O DIODE

M2ED 1 3 2 DEPMD 3 0.6
«DCVOLT 7 OV & 0.&V
«EO0M

«MACRD NOT © t 2 3

ME1 3 2 O ENHMD 10 0.6
b1 2 0 DIODDE

MD 1 I 3 DEPMD 3 0.6
-EOM

~MACROI NOR2 0 1 2 3 4
ME1 4 2 O ENHMD 10 0.6
D1 2 O DINDE

ME2 4 3 O ENHMD 10 0.6
D2 3 0 DIODE

MD 1 4 4 DEPMD 3 0.6
+EOM

‘ E+ t 4t 3  t t 3+ 1t -+ - - 2t 2 4 >+ 1
«MACRD NOR3 0 1 2345
ME1 5 2 O ENHMD 10 0.6
D1 2 0 DIODE

ME2 S 3 0 ENHMD 10 0.6
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D2 3 O DIODE

ME3Z 5 4 O ENHMD 10 0.6
D3 4 0 DIODE

MD 1 5 S DEPMD 3 0.6
+EOM

4

oo

- «MACRD NOR4 0 1 23 4 5 6
- ME1 &€ 2 O ENHMD 10 0.6
L D1 2 O DICDE

¢ ME2 & 3 0 ENHMD 10 0.6
. D2 3 0 DIDDE

- ME3 & 4 O ENHMD 10 0.6
- D3 4 O DIODE

MEd 6 S5 O ENHMD 10 0.6
D3 S 0 DICDE

MD 1 & &6 DEPMD 3 0.6
<EOM

] -MACRD BUFFER 0 1 2 6
$ STAGE A

¢ MAL 3 2 0 ENHMD 20 0.6

x DIA 2 O DIODE 2

I MA2 1 3 3 DEPMD 6 0.6

< $ STAGE B

MBL ¢ 3 O ENHMD 10 0.6

DIB 3 O DICDE

MB2 1 4 4 DEPMD 3 Q.6

$ STAGE C

MC1 S 3 0 ENHMD 20 0.6

DEC I ¢ DIODE 2

MC2 1 4 5 DEPMD & 0.6

DDC 4 S DIODE 0.6

$ STAGE D

MD1 & S O ENHMD 70 0.6

DED S O DIDDE 7

MD2Z 1 3 6 DEPMD 30 0.6

DDD 3 & DIDDE 3

-
S AN Yy

) St 4 "'
MPLILFATS A

+MACRD NRSBFR 0 1 2 345 10 9
$ STAGE A

MAA & 2 O ENHMD 20 0.6

DAA 0 DIODE 2

MAB 6 3 O ENHMD 20 0.6

DAE 0 DIODE 2

MAC &€ 4 O ENHMD 20 0.6

DAC O DIODE 2

MAD 6 5 O ENHMD 20 0.6

DAD O DIODE 2

MAE 10 O ENHMD 20 0.6

DAE 10 O DIODE 2

MDA DEPMD & 0.6
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X
‘ DIE 6 O DICDE
¥ MB2 1 7 7 DEPMD 3 0.6
g $ STAGE C
“or MC1 & 6 O ENHMD 20 0.6
b DEC & O DICDE 2
" MC2 1 7 8 DEPMD 6 0.6
-, DDC 7 & DICDE 0.6
Vo $ STAGE D
. MD1 9 3 O ENHMD 70 0.6
o DED 8 O DINDE 7
- MD2 1 & 9 DEPMD 30 0.6
o DDD 6 9 DIODE 3
o JEOM
$ MACRQ EXPANSIONS /////7111717177111771777
‘. === GSEGMENTY A =============s=s=S===z====
= XDFFA 0 1 2 11 §7 O 12 13 DFFFET
< XNGA1 0 1 12 14 NOT
o~ XNGAZ 0 1 12 15 NOT
R XPSA1 O 1 13 16 NOT
' XPSAZ O 1 13 17 NOT
- XAS11 0 1 26 33 42 18 NOR3
e XAS1Z 0 1 17 43 20 NORZ2
= XAS13 0 1 17 35 19 NORZ
- XASZO 0 1 18 19 20 &% 11 NOR4
:',' === GEGMENT B ==s================z===z====
XDFFB 0 1 2 21 S7 0 22 23 DFFFET
A XNGE1 O 1 22 24 NOT
e XPSE1 0 1 23 25 NOT
L XPSEZ 0 1 23 26 NOT
B XBS11 O 1 26 33 27 NORZ
we XBS12 0 1 25 dd4 29 NORZ
XES13 0 1 15 35 42 28 NORS
HE XBS20 0 1 27 23 29 68 21 NOR4
.:.: === SEGMENT € =s=====s==========s=========
o XDFFC 0 1 2 30 57 O 31 32 DFFFET
o XNGC1 O 1 31 33 NOT
N XNGC2 0 1 31 33 NOT
- XPSC1 O 1 32 34 NOT
[ ; XPSCZ 0 1 32 35 NOT
e XCS11 0 1 3d 42 36 NORZ
o XCS12 0 1 1S 24 dd 37 NOR3
L XCS13 O 1 16 25 4d 3= NOR3
- XCS20 0 1 36 37 33 63 30 NIR4 *
e === SEGMENT D =======s==sz=s======xz====x
By XDFFD 0 1 2 39 S7 O 40 41 DFFFET
,j? XNGD1 O 1 40 42 NOT
=3 XPSD1 O 1 d1 43 NOT
b XPSDZ 0 1 41 44 NOT
(- XDS11 O 1 14 24 33 &3 47 NOR4
i XDS12 0 1 16 25 33 68 d5 NORd
W XDS13 0 1 14 25 34 63 48 NOPd
{j XDS14 0 1 16 2d 34 6& d& NORA
‘tj XDS20 0 1 45 d6 47 43 39 NOFd
::.‘ $ === QUTPUT LOGIC ======================
aY
l
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XNOTB O 1 26 37 NOT

X0FL1 O 1 17 87 35 43 49 NORd
XINVI O 1 49 80 NOT

XOFL2 0 1 80 31 83 NURZ

XOFLI 0 1 30 31 85 NOR2

XMBPG O 1 80 82 81 NOR2

XMENQ O 1 81 83 32 NOR2

XINVZ 0 1 84 38 NCT

XLLCH 0 1 83 &4 BUFFER

XHLCH Q@ 1 3% 3¢ BUFFER

=== SHIFT REGISTER ==========z=====z=====
XNCLK. @ 1 2 56 BUFFER
$ -——- SIMULATION OF ADDL LDAD ON BUFFER —---
MSRG1 75 S6 O ENHMD 120 7.2
DSRGY 56 O DIDDE 12
MSRGZ 75 O O ENHMD 240 14.4
MSRGD 1 75 75 DEPMD 36 7.2

$ =======

XBLKZ 0 1 S6 S 57 O 58 ©9 DFFFET

XBLK2 O 1 S6 52 57 O 60 A1 DFFFET

XBLEL O 1 56 60 57 O 62 €3 DFFFET

XBLKO O 1 S6 62 S7 O 64 &5 DFFFET

$ === SYNC CIRCUITRY ===s===s====z====zz=====

XLOGA 0 1 §3 61 63 £5 66 NIRd
XLGNA O 1 66 67 NOT
XLOGB 0 1 0 O 0 67 95 63 NRSEFR
XSCLK 0 1 95 2 94 NORZ
XNSCL 0 1 94 37 NOT
XDOFF O 1 97 68 &7 O 95 96 DFFFET
=== QUTPUT LATCHES ==========zz=========
XLCH3 0 1 58 59 84 93 DLATCH
XLCH2 O 1 60 61 24 92 DLATCH
XLCHL O 1 62 63 84 71 DLATCH
XLCHO O 1 éd4 65 34 30 DLATCH
$ -—— SIMULATION OF 4 MORE LATCHES ---
MNOREL 73 84 O ENHMD 80 4.8
DNORY 84 O DIODE &
MNOREZ 73 0 O ENHMD 80 4.8
DNORZ 0 O DIODE 8
MNORPD t 73 73 DEPMD 24 4.8
$ ///// MODEL PARAMETERS /////
«MODEL DEPMD NMOS BULKE=0 VT=-0.35 UR=IS500 TOX=300 DNB=1E17 VMX=2E7 CLM=1
«MOIDEL ENHMD NMQOS BULK=0 VT=0.15 UB=38500 TOX=300 DNEB=1E17 VMX=2E7 CLM=1
«MODEL DIODE D 1S=1£-14 CJA=10E-~15 R8=100
000360000 3 3 0 36 36 36 3 3 3 336 6 3 3 3 3 3 36 3b 3 35 3 3 36 3 I I 3 3 36 636 I3 I 3 3 3 I I3 3%
VCLK 2 0 DC OV PL OV 100PS 0Q.&V 200PS 0.6V €00PS OV 700PS
+ 0OV 1100PS R 100PS
VRESET 57 O DC OV PL OV &0PS 0.6V 180PS 0.6V F00PS OV 1000PS
Vaid S5 0 DC OV PL OV SOPS 0.6V 150PS 0.6V 4.7NS OV 4.38NS OV S.7NS
+ 0.6V S5.8NS 0.6V €£.7NS OV 6£.8NS OV 7.7NS 0.6V 7.8NS 0.6V 8.7NS OV 8§.8NS
VCC 1 0 DC 2V )

«END
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RECEIVER MODEL~KEDUCED TEST FILE

TEMPERATIURE =

TRANSIENT ANALYSIS

C0000Q0O0QCQO0O0D

>
<

VCLK & 1.0E+00

Q)

26
35

VGA & 1.0E+00 17
VAD « 1.0E+00 43
VSO ® 1.0E+00 49
VNSO ¢ 1.0E+00 30

vaB # 1.0E+Q0
VUC « 1.0E+400

1)

2)
3

VBG « 1.0E+00 81
VST & 1.0E+00 B3
VLCH # 1.0E+00 84
VNUB ¢ [.0E+00 87

o
&)
7
3)

9

A)

1=-3nT

00009 D000Q

T L

AR TRTA RS “ T

T E0-3000 "6
¢ E0-100R9 ¢,
¢ HO-JOOrse
T e0-30009 .
S 60-J0OAGh
C e0-3JONIGE
* H0-JOOET 6
© EN-3J0appce
© H0-JOCUr e
T RO-300%) 6
* H0-30071 6
T &0-3008T %
* 50-30012°6
* 60-30007 6
© 60-30091°6
* 60-300Z1°s
* £0-30080°6
* &0-30010°6
* 60-30000"6
* 60-3009°8
* K0-30026°8
6 0-3008K8
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COMPILE 5

DIRECTORY: GOULD $

OPTIONS: REPL, NC=0 $

MIDULE: TXMODL/GATE/1/GOULD $

INPUTS: CLOCK, RESET, RST, SET, SRLIN, I1S, Itd, 113, I12, I11,
17, 16, 1S, 14, I3, 12, I1, IO $

OUTPUT: SRLOUT $

USE: DFET = DNORFF/GATE/1/GOULD,
NOR3 = NOR(3,1),
NOR4 = NOR(4,1),
NORZ = NOR(Z,1) $

DEFINE:

NCLK = NOT(CLOCK);

"-——STATE MACHINE IS 150 OUT OF PHASE WITH SHIFT REGISTER---"
DFFA(3-A, RB-A) = DFET(AS2, NCLK, RESET, SET );

DFFE(G-B, GE-B) = DFET(BS2, NCL¥, RESET, SET )3

DFFC(@-C, MB-C) = DFET(CS2, NCL¥, RESET, SET );

DFFD(G-D, QE-D) = DFET(DS2Z, NCLK, RESET, SET );

ASt-1 = NOR3(-B, QAB-C, QB-D);
AS1-2 = NORZ(QR-A, @-D);
AS1-3 = NORZ(G-A, G-C);

ASZ = NORZ(AS1-1, AS1-2, AS1-3);
BS1-1 = NORZ(Q-B, DB-C);

BS1-2 = NOR2(@-B, @-D);

BS1-3 = NORI(QB-A, Q-C, GQB-D);
BSZ = NORI(BS1-1, BS1-2, BS1-3);

CS1-1 = NOR2(R-C, @B-D);
(S1-2 = NOR3I(GE-A, GE-B, @-D);
CS1-3 = NORI(R-A, @-B, G-D);

€S2 = NOR3(CS1-1, CSi-2, CS1-3);

DS1-1 = NOR3(QB-A, QE-B, GB-C);
DS1-2 = NORZ(@-A, G-B, QE-C)j
DS1-3 = NORI(B-A, Q-B, @-C);
DS1-4 = NOR3(Q-A, GB-B, G-C);

DS2 = NOR4(DS1-1, DS1-2, DS1-3, DS1-d);
OFL1(SHIFT) = NOR4(G-A, G-B, G-C, Q-D);
INVI(LOAD) = NOT(OFL1);

"-——RESET OF SHIFT REGISTER IS GROUNDED---"

B15-S = NOR2(SRLIN, SHIFT);

BI1S-P = NORZ2(I1S, LOAD);

E1S = NOR2(B1S-S, B15-P);

BLK1S( @1%=Q ) = DFET(B1S, CLQOCK, RST, SET);
B14-S = NOR2(Q15, SHIFT);

B14-P = NOR2(I1d, LOAD);

Bld = NOR2(B14-S, E14-P);

BLK14( @14=Q ) = DFET(B1d, CLUCK, RST, SET);
B13-S = NOR2(Q1d, SHIFT);

B13-P = NOR2(I13, LOAD);

B13 = NOR2(B13-S, B13-P);

BLK13( Q13=@ ) = DFET(B13, CLOCK, RST, SET);
B12-8 = NOR2(D213, SHIFT);

B12-P = NiUR2(I12, LOAD);
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B12 = NORZ2(Bi2-S, B12-P);

BLK12( Qi2=R ) = DFET(B12, CLOCK, RST, SET);

B11-S = NDR2(212, SHIFT);
B1i1-P = NOR2(Ii1, LOAD);
B1l = NOR2(B11-S, Bli-P);

BLK11( @11=Q ) = DFET(E11, CLOCK, RST, SET);

B10-S = NOR2(Q11, SHIFT);
B10-P = NOR2(110, LOAD);
B10 = NORZ(B10-S, B10-P);

BLK10(¢ Q10=Q ) = DFET(R10, CLOCK, RST, SET);

B9-S = NOR2(Q10, SHIFT);
B9-P = NOR2(19, LOAD);

B9 = NOR2(B9-S, BF¥-P);

BLK9( 09=@ ) = DFET(R9, CLOCK,
B3-S = NORZ(9, SHIFT);

B&-P = NOR2(IS&, LOAD);

BS = NOR2(B3-S, BR-P);

BLKE( 8= ) = DFET(B&, CLOCK,
B7-S = NORZ(Q3, SHIFT);

B7-P = NOR2(17, LOAD);

B7 = NOR2(B7-S, B7-P);

BLK7¢ Q7=0 ) = DFET(B7, CLOCK,
B6-S = NOR2(Q7, SHIFT);

B6-P = NOR2(16, LOAD);

B& = NOR2(B6-S, B6-P);

BLK6( Q6= ) = DFET(B&, CLOCK,
BES-S = NOR2(D6, SHIFT);

BS-P = NORZ(IS, LOAD);

BS = NORZ(BS-S, BS—P);

BLKS( @5=@ ) = DFET(BS, CLOCK,
Bd-S = NDR2(QS, SHIFT);

B4-P = NOR2(14, LOAD);

Bd = NOR2(B4-S, Bd-P);

BLK4( Q4=Q ) = DFET(R4, CLOCK,
B3-S = NORZ(@d, SHIFT);

B3-P = NOR2(I3, LOAD);

B3 = NORZ(B3-S, B3-P);

BLK3( @3=Q ) = DFET(B3, CLOCK,
B2-S = NORZ(Q3, SHIFT);

B2-P = NORZ(I2, LOAD);

B2 = NORZ(B2-S, B2-P);

BLK2( @2=G ) = DFET(E2, CLOCK,
E1-S = NORZ(Q2, SHIFT);

Bi-P = NOR2(I1, LOAD);

Bl = NOR2(B1-S, B1-P);

BLK1( @1=Q ) = DFET(F1, CLOCK,
BO-S = NORZ(Q1, SHIFT);

BO-P = NOR2(10, LOAD);
BO = NOR2(B0-S, BO-P);
BLKO( SRLOUT= @ ) = DFET(BO, CLOCK, RST, SET)j
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RST, SET);

RST, SET);

RST, SET);

RST, SET);

RST, SET);

RST, SET);

RST, SET);

FST, SET);

RST, SET);
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END MODULE $

- END COMPILE ¢

. LOAD TXMODL/GATE/1/GOULD ¢
s END TDL ¢




COMPILE

$

DIRECTORY: GOULD ¢

OPTIONS:

REPLy, NC=0 ¢

MODULE: RXMODL/GAYE/1/GQOULD $

INPUTS:
ouUTPUTS:

CLOCK, RESET, SET, SRLIN $

015, 014, 013, 012, 011, Q10, 09, 08, 07, 0O6, OS5, 04, O3,

g2, 01, 00 ¢

USE: DFET = DNORFF/GATE/1/GOULD,

DLCH = DLATCH/GATE/1/GOULD,
NOF1&6 = NOR(16, 1),
NOR3 = NIR(3,1),
NOFRd = NOFR(d4,1),
NOR2 = NOR(2,1) $
DEFINE:
DFFA(QR-A, QB-A) = DFET(AS2, CLOCK, SYNCOFF, SET );
DFFE(QA-B, QB-B) = DFET(ES2, CLOCK, SYNCOFF, SET )j
DFFC(R-C, QB-C) = DFET(CS2, CLOCK, SYNCOFF, SET );
DFFD(Q-D, MB-D) = DFET(DS2, CLOCK, SYNCOFF, SET );
ASi-1 = NOR3(G-B, QB-C, QE-D);
AS1-2 = NOR2(Q-A, Q-D);
AS1-3 = NOR2(Q-A, Q-C)}
AS2 = NORZ(AS1-1, AS1-2, AS1-3);
BSi-1 = NOR2(Q-B, GE-C);
N BS1-2 = NOR2(GQ-B, G-D);
o BS1-3 = NOR3(QE-A, Q-C, GE-D);
BS2 = NIR3(BS1-1, BS1-2, BS1-3);
i €CS1-1 = NOR2(Q-C, QB-D);
iﬁ{ CS1-2 = NOR3(B-A, DE-B, Q-D);
e CS1-3 = NOR3(Q-A, Q-B, G-D);
O €S2 = NOR3(CS1-1, CS1-2, CS1-3);
- DS1-1 = NOR3(QB-A, OB-E, QB-C);
) DS1-2 = NOR3(Q-A, Q-E, QE-C);
ooy DS1-3 = NOR3(GEB-A, Q-B, G-C)j
o DS1-4 = NOR3(Q-A, GB-B, Q C);
e DS2 = NOR4(DS1-1, DS1-2, DS1-3, DSi-d);
QN OFL1 = NOR4A(Q-A, 0-B, @-C, Q-D);
- INVI = NOT(OFL1);
& - INVZ = NOT(CLOCK);
A5 OFLZ = NOR2(INVI, INVZ);
;il{ INVI(LATCH) = NOT(OFLZ);
! NCLK = NOT(CLOCK);
Ny BLK1S( 015, QB1S ) = DFET(SRLIN, NCLK, RESET, SET);
P BLK14( Q14, @E1d ) = DFET(Q1S, NCLk, RESET, SET);
— BLK13( @13, QR13 ) = DFET(014, NCLK, RESET, SET);
o8 BLK12( Q12, @B12 ) = DFET(M13, NCLK, RESET, SET);
N BLK11¢ Q11, QE11 ) = DFET(Q12, NCLK, RESET, SET);
Ty BLK10¢ Q10, QB10 ) = DFET(011, NCLK, RESET, SET);
‘fi' BLK9¢ @9, @B3 ) = DFET(010, NCLK, RESET, SET);
_A{; BLKS( Q&, QRS ) = DFET(Q9, NCLK, RESET, SET);
BLK7¢ @7, GB7 ) = DFET(G3, NCLK, RESET, SET);
¥ ELK6( @6, OB& ) = DFET(Q7, NCLK, RESET, SET);
e BLKS( @S, GBS ) = DFET(Q&, NCLK, RESET, SET);
o
s}:
AN
N
o
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b BLK4¢ 2d, QB4 ) = DFET(®S, NCLK, RESET, SET);
b BLE3( &3, @B3 ) = DFET(R4, NCLK, RESET, SET);
- BLKZ( Q2, ©BZ ) = DFET(@Z, NCLK, RESET, SET);
. BLK1( @1, @F1 ) = DFET(@Z, NCLK, RESET, SET)>;
- BLKO( Q0, QBO ) = DFET(&1, NCLK, RESET, SET);
- SYNCLOG = NOR16(GE1S, QE1d, QB1X, QB1Z, OE11,
5 OB6, OES, @B4, QE3, QBZ,
; SFFOB = NOR2(RESET, SFFQ);
Ny SFFR = NORZ(SYNCOFF, SFFQR)}
SNCLIGR = NOT(SYNCLOG) ;
<\ SYNCOFF = NORZ2(SNCLOGE, SFFGE);
- DLCHIS( 015 ) = DLCH(®1S, ©E1S, LATCH);
< DLCH1d(¢ O1d ) = DLCH(@1d4, GE1d, LATCH);
DLCH13¢ 213 ) = DLCH(®13, BE13, LATCH);
A DLCH1Z( 012 ) = DLCH(G1Z, QR1Z, LATCH);
o DLCHIL¢ 011 ) = DLCH(11, DE11, LATCH);
™~ DLCH10¢ G10 ) = DLCH(Q10, DF10, LATCH);
-y DLCHI( U9 ) = DLCH(Q?, QE9, LATCH);
[~ DLCH=®( 0% ) = DLCH(GE, QE2, LATCH);
. DLCH7( 07 ) = DLCH(R7, OB7, LATCH);
DLCH&( 06 ) = DLCH(G&, GE&, LATCH);
DLCHS( 0S5 ) = DLCH(®S, OBS, LATCH);
N DLCH4( 04 ) = DLCH(@4, GE4, LATCH);
- DLCH3( O3 ) = DLCH(Q3, B3, LATCH);
» DLCH2( CZ ) = DLCH(@Z, QBZ, LATCH);
b DLCHI¢ 01 ) = DLCH(@1, @GR1, LATCH);
. DLCHO( GO ) = DLCH(QO, QEO, LATCH);
- END MODULE $
[~ END COMPILE $
- LOAD FRXMIDL/GATE/1/GOULD $
AN END TDL$
¢
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OE10, ©R9, GRS, OB7,
DEL, GBO);
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CC~TDL TEST GENERATION AND SIMULATION VERSION &, SIZE 1042K.
FIRST OUARTER RELEASE

COPYRIGHTED, 1933, BY CGIS/A COMSAT COMPANY

DIGITAL DESIGN AND TEST DIVISION. AUSTIN, TEXAS, LISA.

THIS CYEBER VERSION WAS UUPDATED 04/11/84 AT 11.12.09

10/03/85 16.10.53

TCC 1. MODE 2 ¢
TCC 2. LODAD %

LOADED MODULE  TXMODL

TCC 3. SAVE SIGNALS CLOCK, DL4CLK, RESET, 2-A, Q-B, R-C, @-D, LUOAD, SHIFT,
TCC 4. SRLOUT $
TCC S. SIMSETUP ¢

AS SIMSETUP STARTS PROCESSING, 1047269 WURDS OF FREE SPACE IS AVAILABLE.

T8S €. STOPSIM 200 $

END OF SIMULATION SCHEDULED FOR TIME 200.
1TSS 7. CHANGE CLOCK 1 O, 200, 10 %

TSS 8. CHANGE CLOCEK O S, 200, 10 &

1TSS 9. CHANGE RESET 1 O %
158 10. CHANGE RESET 0 & %
TSS 11. CHANGE SET 0 O ¢
1TSS 12. CHANGE SFELIN O O 8
TSS 13. CHANGE I15, I14, 1 2, Ilt, 19, I2, 17, 16, 14, I3, It, 1O 1 QO %
TSS 1d. CHANGE 113, I10, .3, [2 00 %

158 15. END SETUP ¢

AT THE END OF SIMSETUP, THERE ARE 1042959 WORDS OF FREE SPACE LEFT.

TCC 16« SIMULATE 200 $

END OF SIMULATION SCHEDULED FOR TIME 200.

MODE 2 SIMULATION COMMENCED.

NET IS FIRST INITIALIZED AT TIME 23

SIMULATION STOPPED AT TIME 200 FOR THE FOLLOWING REASON.

A SCHEDULED STOP .
TCC 17. DISPLAY SIGNALS CLOCK, DLACLK, RESET, Q-A, -B, @-C, @-D, LOAL, SHIF

T,
TCC 18, SRLOUT $
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CC-TDL TEST GENERATION AND SIMULATION VERSION S, SIZE 1048K.
FIRST QUARTER RELEASE

. COPYRIGHTED, 1983, BY CGIS/A COMSAT COMPANY

- DIGITAL DESIGN AND TEST DIVISION. AUSTIN, TEXAS, USA.

- THIS CYBER VERSION WAS UPDATED 04/11/84 AT 11.12.09

10/03/85 14.44.02

TCC 1. MODE 2 ¢
TCC 2. LOAD s

LOADED MODULE RXMODL

TCC 3. SAVE SIGNALS CLOCK, DLINCLK, RESET, SKRLIN, SPRSCLK, NSPRSCL, DLIROFF

TCC 4. DL3SYNCLUG, DL3ILATCH, 01S, 014, 013, 012, 011, O10, 09, 0%, 07, C6, !
TcC S. oS, 04, 03, 02, 01, 00 $ |
TCC 6. SIMSETUP $

AS SIMSETUP STARTS PRUOCESSING, 1042608 WORDS OF FREE SPACE IS AVAILABLE.

TSS 7. STOPSIM &60 $
END OF SIMULATION SCHEDULED FOR TIME 660.
TSS 8. CHANGE CLOCK 1 O, 660, 10 $

TSS 9. CHANGE CLOCK 0 S, 660, 10 $

TSS 10. CHANGE RESET
TSS  11. CHANGE RESET
1TSS  12. CHANGE SET O
TSS  13. CHANGE SRLIN
TSS  14. CHANGE SRLIN
TSS  15. CHANGE SRLIN
TSS 16. CHANGE SRLIN
TSS 17. CHANGE SRLIN
TSS 18. CHANGE SRLIN
TSS  19. CHANGE SRLIN
TSS  20. CHANGE SRLIN
TSS  21. CHANGE SRLIN
TSS  22. CHANGE SRLIN
TSS  23. CHANGE SRLIN
TSS 24. CHANGE SRLIN
TSS  25. CHANGE SRLIN
TSS 26. END SETUP $
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&
_S AT THE END OF SIMSETUP, THERE ARE 104176¢€& WORDS OF FREE SPACE LEFT.
" TCC 27. SIMULATE 660 $
g: END OF SIMULATION SCHEDULED FOR TIME 660.
)]
h MODE 2 SIMULATION COMMENCED.
NET 1S FIRST INITIALIZED AT TIME 169
! SIMULATION STOPPED AT TIME 660 FOR THE FOLLOWING REASON.
: A SCHEDULED STOP
. TCC  28. DISPLAY SIGNALS CLOCK, DLINCLK, RESET, SRLIN, SPRSCLK, NSPRSCL, DLiG
L
3 OFF,
g, TCC  29. DLISYNCLOG, DLILATCH, 015, 014, 013, 012, Oit, ©0i0, 09, 02, 07, 06,
- TCC  30. 05, 04, 03, 02, 01, D0 $
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IR
o «C 7T ¢ ¢ 111171«
;':;:; cC s R S 8 8 9 8 0 0 O
0§ L E R 4 5 2 3 1 1
;@:? 0 s L 5 4
N c E 1 > )
we K T N
N ) >
- TIME
5 0 1 XXX 1 0 XXX XXX XXX XXX XXX XXX XXX
% 1 1 XXx 1 0 0 XXX XXX XXX XXX XXX XXX
) 2 1 0 1t o o 1 0 XXX XXX XXX XXX
" 5 0 © 1 0 o 1 0 XXX XXX XXX XXX
» &6 0 0 1 o 1 1 0 XXX XXX XXX XXX
N 7 o0 1 1 1 1 0 0 XXX XXX XXX XXX
o 8 0 1 0 1 1 0 0 XXX XXX XXX XXX
o 10 ) 1 1 0 0 XXX XXX XXX XXX
- 11 1 1 0 t 0o o o o 1 XXX XXX
o 12 1 0 0 1 o 1t 0 o 1 XXX XXX
.-',3 15 0 0 0 1 0 1 0 0 1 XXX XXX
N 16 0 0 0 1 1 1 o o 1 XXX XXX
A 17 0 1 0 1 1 0 o0 o 1 XXX XXX
W 20 1 10 1 10 0 O 1 XXX XXX
21 1 1 0 1 0 o o0 0 1 XXX XXX
R 22 1 0 o0 1 0 1 0 o 1 XXX XXX
:_; 2 0 0 0 1 0 1 0 0 1 XXX XXX
S5 2 0 0 O 1 1 1 0 o 1 XXX XXX
b 27 0 1 0 1 1 0 o o0 1 XXX XXX
L 30 1 1 o0 1 1 0 0 O 1 XXX XXX
) 3 1 1 0 1t 0 0 o0 0 1 XXX XXX
2 32 1 0o o 1 0 1 0 o 1 XXX XXX
~ 35 0 0 O 1 0 1 0 0O 1 XXX XXX
o 3 0 0 0 1 1 1 0 o XXX Xxx
. 37 o0 1 0 1 1t o o o0 1 XXX XXX
s a0 1 1 0 1 1 0 o0 o 1 XXX XXX
P a1 1 1 o 1t o 0o o0 O 1 XXX XXX
N a2 1 0o o 1 0 1 0 o 1 XXX XXX
1 as 0 o0 o0 1 0 1 0 o 1 XXX XXX
> 46 0 0 O 1 1 1 0 o 1 XXX XXX
E; a7 0 10 1 10 o0 o 1 XXX XXX
o 50 1 1 0 1 1 0 0 o 1 XXX XXX
St 1 1 o 1t 0 o o0 o 1 XXX XXX
52 o o 1 0 1 0 o 1 XXX XXX
S 0 o0 o 1 0 1 0 0 1 XXX XXX
s« 0 0 O 1 1 1 0o o 1 XXX XXX
s7 0 1 0 1 1t o o o 1 XXX XXX
«~ 60 1 1 0 1 1t o o o 1 XXX XXX
61 1 1 o 1 0 0 o0 o 1 XXX XXX
62 1 o o 1 0 1 0 o0 1 XXX XXX
65 0 0 0 1 0 1 0 0 1 XXX XXX
66 0 O 0 1 1 1 o o 1 XXX XXX
67 0 1 0 1 1 0 o o0 1 XXX XXX
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= c 3 I ) )
o K T N
O ) > )
- TIME
W 70 t 1 0 t 10 0 0 1 XXX XXX
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